Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F =(1.8×°C)+32
Datums
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29) and North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27).
Altitude, as used in this report, refers to distance above the vertical datum.
Introduction
Between 2000 and 2010, the population of the Houston, Tex., metropolitan area increased 26 percent, and in 2010 the population of the Houston area, which includes Harris, Montgomery, Fort Bend, and Galveston Counties, was about 5.9 million people (Texas State Data Center, 2010) . Much of the growth has been to the north of Houston. Municipal and industrial water supplies are needed to support population growth in the newly developed areas, including historically predominately rural Montgomery County, where groundwater withdrawals have increased since 1980 (Texas Water Development Board, 2011) . The Lone Star Groundwater Conservation District (LSGCD) was created in 2001 by the 77th Texas Legislature and was charged with managing and protecting the groundwater resources of Montgomery County. The LSGCD has worked cooperatively with the U.S. Geological Survey (USGS) to monitor and appraise the Gulf Coast aquifer system, comprised of the Chicot, Evangeline, and Jasper aquifers, Burkeville confining unit, and Catahoula Sandstone. Annual groundwater-level measurements are recorded and periodic groundwater-level change maps are produced to provide short-term and long-term trends of the effects of groundwater withdrawal on the regional aquifer flow system. In 2003, the LSGCD set a maximum amount of sustainable yield for the Gulf Coast aquifer in Montgomery County equal to previously determined estimates of recharge. In 2007, as the LSGCD began planning for an alternative source of water to curtail groundwater withdrawals, the LSGCD required more detailed information on the rate of groundwater recharge to evaluate whether there is a consistent recharge value across Montgomery County and vertically within the aquifer system.
Purpose and Scope
This report presents the well-construction and waterquality data (environmental tracers) from discrete groundwater samples collected during March-September 2008 in Montgomery, Waller, and Walker Counties, Tex. Methods used to select sites and techniques used to collect and analyze the water-quality data are described. This report complements previous USGS investigations in the Gulf Coast aquifer system as described in Noble and others (1996) and Nolan and others (2007) .
Description of Study Area
Most of the wells sampled were in Montgomery County in southeastern Texas, which includes part of the Houston metropolitan area and the municipalities of Magnolia, Conroe, and The Woodlands Township (Texas State Data Center, 2010) . Of 40 existing groundwater wells from which samples were collected, 38 were in Montgomery County, 1 was in Waller County, and 1 was in Walker County ( fig. 1 ). Montgomery 
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EXPLANATION
Monitor well, by aquifer from which samples were obtained-Number is State well number (appendix 1)
Chicot Evangeline
Jasper County is forecasted to be one of the fastest growing counties in the Houston area, more than doubling its 2000 population of 373,000 by 2035 (Houston-Galveston Area Council, 2006) . This rapid increase of population will likely result in appreciable land-use changes and a more suburban and urban land use, with a subsequent increased water demand. The topography of Montgomery County ranges from essentially flat near the larger streams and coastward to undulating rolling hills in the northern part of the county. Land-surface altitude ranges from about 79 feet (ft) above North American Vertical Datum of 1988 (NAVD 88) in the southeastern corner of the county to about 330 ft above NAVD 88 in the northwestern corner (U.S. Department of Agriculture, 1972) . Montgomery County is entirely within the San Jacinto River drainage basin, which trends from the northwest to the southeast. Lake Conroe, a reservoir completed in 1973, is at the upper end of the West Fork San Jacinto River ( fig. 1) . Montgomery County has a humid subtropical climate characterized by hot and humid summers and cool winters. For the period 1947-2008, the average precipitation in the Houston area was 51.67 inches per year (National Climatic Data Center, 2010) . During the last 61 years, many periods of drought have occurred (National Climatic Data Center, 2010) .
Hydrogeologic Setting
The Gulf Coast aquifer system in Montgomery County consists of the Chicot aquifer, Evangeline aquifer, Burkeville confining unit, Jasper aquifer, and the underlying Catahoula Sandstone (table 1) . The uppermost Chicot aquifer consists of Pleistocene-and Holocene-age unconsolidated sand, silt, and clay sediments; the Evangeline aquifer consists of Mioceneand Pliocene-age unconsolidated sand, silt, and clay sediments, and the lowermost Jasper aquifer consists of Mioceneage unconsolidated sand, silt, and clay sediments (Baker, 1979) . The Jasper aquifer is separated from the Evangeline aquifer by the Burkeville confining unit. The Catahoula sandstone consists of Miocene-and Oligocene-age sediments at the base of the Gulf Coast aquifer system and contains small amounts of freshwater in shallow restricted sands near the outcrop area to the north of the study area (Baker, 1979) . The Catahoula Sandstone is the deepest freshwater source in Montgomery County (Popkin, 1971) (fig. 2 ). Detailed information on the hydrogeology of the area can be found in Popkin (1971) , Baker (1979) , Chowdhury and Turco (2006) , Kasmarek and others (2010) .
In the natural groundwater-flow system, water recharges the aquifers in the unconfined outcrop areas, moves downward and coastward through the interbedded sands, and discharges upward as diffuse upward leakage in the confined downdip areas (Kasmarek and others, 2010) . Much of the water that infiltrates into the saturated zone flows through locally continuous shallow sand layers and discharges into streams; the remainder of the water flows to intermediate and deep zones of the aquifer system southeastward of the outcrop, where it is captured and withdrawn by wells or naturally discharged by upward leakage in topographic lows along the coast. On the basis of historical groundwater-level-change maps, major areas of withdrawal include the municipalities of Magnolia, Conroe, and The Woodlands Township. Compared to predevelopment conditions (prior to the 1890s; Kasmarek and Robinson, 2004) , when the normal flow direction was from the northwest to southeast, the current areas experiencing groundwater-level declines have induced flow from the Chicot aquifer into the Evangeline aquifer. As development increased, the withdrawal of groundwater from wells increased to meet water demand, and the number of water wells increased. Withdrawal of water from a well creates a cone of depression in the saturated aquifer sediments, thereby increasing the gradient and radial flow of water towards the well. In this study area, the cumulative effect of groundwater withdrawn from all wells in Harris County and surrounding counties has resulted in water-level declines as individual cones of depression coalesced. This has resulted in areally extensive cones of depression with water levels as much as 200, 300, and 200 ft below National Geodetic Vertical Datum of 1929 or NAVD 88 in the Chicot, Evangeline, and Jasper aquifers, respectively (Kasmarek and others, 2010).
Methods
All of the samples were collected in 2008 from wells screened in the Gulf Coast aquifer system. Wells selected for sampling had to meet specific criteria, including the following: depth of well within targeted aquifer (Chicot, Evangeline, or Jasper, depending on well), short length of screened interval (less than 30 ft), and well cannot be completed in multiple aquifer units. After evaluating all wells that met these criteria, wells were selected to represent an areal distribution throughout Montgomery County (and adjacent small parts of Waller and Walker Counties). To the extent possible, wells with relatively short open intervals (less than 30 ft) were preferred for selection. Well depths ranged from 52 to 1,240 ft, with a median depth of 192 ft. Length of screened intervals for the wells ranged from 10 to 118 ft (appendix 1).
Sample Collection
Groundwater samples were collected using procedures described in the USGS "National Field Manual for the Collection of Water-Quality Data" (U.S. Geological Survey, variously dated) and provided by the USGS Chlorofluorocarbon Laboratory, Reston, Va. (U.S. Geological Survey, 2009) . Groundwater-quality samples, physicochemical properties, and water-level data (when access allowed) were collected once from each site ( fig. 1 ) during March-September 2008 (appendixes 2-7). Groundwater samples were analyzed for dissolved gases and the environmental tracers sulfur hexafluoride (SF 6 ), chlorofluorocarbons (CFCs), tritium ( 3 H), helium-4 ( 4 He), and helium-3/tritium ( 3 He/ 3 H). Water levels in wells were measured manually at the time of sampling, when possible, by using an electric tape or steel tape. In some wells with pumps, when water levels were not obtained because of either a lack of access point or an obstruction in the well, the most recent water-level measurement stored in the USGS Groundwater Site Inventory (GWSI) database is listed in appendix 1.
Observation wells were pumped using an electric, portable, submersible, positive displacement pump (Grundfos Redi-flo2, Redi-flo-3 or Fultz SP400R) constructed of stainless steel and Teflon. When practical, the intake on the portable submersible pump was set at a position about 10 times the diameter of the well above the top of the first screen in the well. Additionally, a stainless steel splitter was installed on top of the pump, above the check valve, allowing water to simultaneously discharge for physicochemical properties monitoring and waste through Teflon or polyethylene tubing and to discharge for sample collection through a refrigeration-grade copper line. Water was pumped from domestic and municipal wells using existing pumps, and samples were collected at the wellhead prior to installation of any pressure tanks or filtering or other treatment devices. Prior to any treatment, a connection was made for purging and sampling by using a brass connector with compression fitting to refrigeration-grade copper tubing.
Prior to sample collection, one to three casing volumes were purged from the well, depending on well type, either observation or supply. For wells that are continuously pumped (or pumped regularly every few hours) such as those used for public supply, domestic supply, or industrial purposes, purging less than three casing volumes is permissible (U.S. Geological Survey, variously dated, chapter A4). The purge procedure removes stagnant water in the well, reduces chemical artifacts of well installation or well construction materials, or mitigates effects of infrequent pumping. After purging was complete, the physicochemical properties dissolved oxygen, pH, specific conductance, and water temperature were measured until readings were stable (U.S. Geological Survey, variously dated, appendix 2). Once readings stabilized, water samples were collected in new, pre-cleaned bottles. Water samples were collected and processed onsite using methods designed to minimize changes to the water-sample chemistry or contamination from the atmosphere. To prevent degradation of water samples and maintain the initial con centration of compounds between the time of sample collection and laboratory analyses, bottle lids were taped on, copper tubes were crimped shut, and samples were stored according to the laboratory protocols, which might include storing upside down, or storing either chilled or at room temperature. All equipment used for the collection of the environmental tracers was cleaned with tap water and a native water rinse. The external parts of the submersible pump were rinsed with tap water and the interior of sample and discharge lines was rinsed with multiple volumes of native water prior to collection. The introduction of solvents, such as methanol, or detergents may impact the quality of the samples.
Analytical Methods
SF 6 and CFCs analyses were done at the USGS Chlorofluorocarbon Laboratory by using a purge-and-trap gas chromatography procedure with an electron capture detector (ECD) documented by Busenberg and Plummer (1992, 2000 Ekwurzel and others (1994) .
3
H analyses were done at the USGS Tritium Laboratory, Menlo Park, Calif., using electrolytic enrichment (Östlund and Werner, 1962) and liquid scintillation (Thatcher and others, 1977) . Sample analysis for 4 He and dissolved gases was done at the USGS Dissolved Gas Laboratory, Reston, using gas chromatography as described in Busenberg and others (1993) and Busenberg, and others (2001) .
Quality Control
No blank samples were collected as part of this study due to the difficulty in preparation of tracer-and dissolvedgas-free water. For quality assurance, all samples were collected and analyzed as replicate samples, in accordance with standard procedure for collecting the environmental tracers specific to this report. A summary of replicate analyses and relative percent differences is not included in this report. Although samples were collected as replicate samples, all values were analyzed, reviewed and included in the determination of apparent groundwater ages. Summary statistics for environmental tracers are not provided. The evaluation of an individual analyte in relation to its replicate, for example CFCs, is also dependent upon the SF 6 and/or 3 He/ 3 H result provided. Even if a result for CFCs appears valid, it may be contradicted by evidence in one of the other environmental tracers.
Groundwater Environmental Tracer Data
Well-construction data for groundwater wells from which samples were collected and analyzed for dissolved gases and environmental tracer data in the Chicot, Evangeline, and Jasper aquifers in Montgomery County and adjacent counties are presented in appendix 1. Physicochemical data collected to help ensure that groundwater samples characterized water from the Chicot, Evangeline, and Jasper aquifers are presented in appendix 2. Dissolved-gas and environmental tracer data analyzed in groundwater samples collected from the Chicot, Evangeline and Jasper aquifers during March-September 2008 are presented in appendixes 3-7. Appendix 3 contains dissolved-gas data analyzed by the USGS Dissolved Gas Laboratory. Appendix 4 contains SF 6 and CFC data analyzed by the USGS Chlorofluorocarbon Laboratory. Appendix 5 contains 3 H data analyzed by the USGS Tritium Laboratory. Appendix 6 contains 4 He data analyzed by the USGS Dissolved Gas Laboratory. Appendix 7 contains helium, tritium, and neon data analyzed by the Noble Gas Laboratory of LDEO of Columbia University.
Summary
The Gulf Coast aquifer system is the primary water supply for Montgomery County in southeastern Texas, including part of the Houston, Texas, metropolitan area and the municipalities of Magnolia, Conroe, and The Woodlands Township, Texas. Montgomery County is forecasted to be one of the fastest growing counties in the Houston area, more than doubling its 2000 population of 373,000 by 2035. The U.S. Geological Survey (USGS), in cooperation with the Lone Star Groundwater Conservation District, conducted a study to appraise groundwater recharge in the Gulf Coast aquifer within Montgomery County and adjacent counties by using environmental tracers. The Gulf Coast aquifer system in Montgomery County consists of the Chicot, Evangeline, and Jasper aquifers, the Burkeville confining unit, and the underlying Catahoula Sandstone.
Of the 40 existing groundwater wells screened in the Gulf Coast aquifer system that were selected for sampling, 38 were in Montgomery County, 1 was in Waller County, and 1 was in Walker County. Groundwater-quality samples, physicochemical properties, and water-level data were collected once from each of the 40 wells during March-September 2008. Groundwater-quality samples were analyzed for dissolved gases and the environmental tracers sulfur hexafluoride (SF 6 ), chlorofluorocarbons (CFCs), tritium ( 3 H), helium-4 ( 4 He), and helium-3/tritium ( 3 He/ 3 H). Water samples were collected from wells using procedures described in the USGS "National Field Manual for the Collection of Water-Quality Data" and provided by the USGS Chlorofluorocarbon Laboratory. Samples were collected and processed onsite using methods designed to minimize changes to the water-sample chemistry or contamination from the atmosphere. Samples were analyzed for SF 6 and CFCs at the USGS Chlorofluorocarbon Laboratory, for 3 H at the USGS Tritium Laboratory, for 3 He/ 3 H at the Noble Gas Laboratory of Lamont-Doherty Earth Observatory of Columbia University, and for 4 He and dissolved gases at the USGS Dissolved Gas Laboratory. Sample procedures required replicate samples for quality assurance and quality control to be collected with each environmental sample; no blank samples were collected.
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